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Abstract 
An asymmetric dual-band band-pass filter (DBPF) is proposed for the applications of IEEE 802.11b/g (2.4 GHz ~ 
2.48 GHz) on the multimode wireless local area networks (WLAN). The high temperature superconducing (HTS) 
filter was fabricated by pattering YBa2Cu3Oy (YBCO) films double-sided deposited on 20 × 20 mm
2 LaAlO3
substrates with an RF sputtering technique and by putting them in copper housings. The simulation results show the 
asymmetric dual-band feature of two passbands at 2.45 and 2.48 GHz, each with a minimum in-band insertion loss of 
about 0.3 dB and bandwidths of 20 and 23 MHz, respectively. The realized HTS DBPF shows two passbands at 2.47 
and 2.49 GHz with maximum insertion losses of 1.75 and 3.17 dB at 77 K, respectively. The measured results show a 
good HTS DBPF performance. Moreover, the temperature-dependent frequency responses can be well described by 
the modified two-fluid model based formulas, indicating that the frequency shift in HTS DBPFs is dominated by the 
temperature dependence of the magnetic penetration depth. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and 
Peter Kes. 
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1.  Introduction 
Multi-band bandpass filters have attracted much attention in recent years due to their wireless 
communication applications such as wireless local area networks (WLANs), global system for satellite 
communications, mobile communications (GSM), and wireless code-division multiple-access (WCDMA) 
[1]. Especially satellite communications systems, have a complex frequency and spatial coverage plan, 
noncontinuous channels might need to be amplified and transmitted through one beam. In the new 
developed WLANs standards, there has been a renewal of interest in dual-band bandpass filters (DBPFs) 
for IEEE 802.11b/g (2.40 ~ 2.48 GHz) and IEEE 802.11a (5.15 ~ 5.83 GHz) specifications [2]. For the 
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DBPF design, DBPFs of a canonical structure with a single-mode technique [3], that of an in-line 
structure with a dual-mode technique [4], and that of a canonical structure with a dual-mode technique [5] 
have been designed and realized. A synthesis method of a self-equalized dual-passband filter for group 
delay variation reduction of the DBPF has also been presented [6]. Modern communication transceivers 
require high-performance microwave filters with low insertion loss, high frequency selectivity, and small 
group-delay variation. It is well known that an high-temperature superconducting (HTS) microwave 
device has lower loss and higher performance than a normal conducting one. In addition, a cross coupling 
technique that can make the rejection slope sharp by producing a single pair of transmission zeros at finite 
frequencies has been applied to the HTS filters. The cross-coupled-type HTS filters can be synthesized by 
using the quasi-elliptic function to reach a sharp frequency response and a very low insertion loss [7-8]. 
In this article, the design and the experimental performances on an asymmetric HTS YBa2Cu3Oy (YBCO) 
DBPF are proposed. The temperature-dependent microwave properties of the HTS DBPF are also 
discussed. 
Fig. 1. Schematic layout of DBPF. 
Fig.2. Typical frequency responses for two asymmetric cross-coupled DBPFs. 
2.  Filter design and experiments 
To achieve a high-selective and sharpness response, an asymmetric cross-coupled DBPF based on a 20-
20 mm 
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mm-square ŦŪŨũŵĮűŰŭŦ geometry were designed as shown in Fig. 1. The complete design procedure has 
been extensively discussed in [9]. By changing the coupling coefficients between the resonances, i. e. the 
distance between the resonances, the asymmetric bandwidths of 1st and 2nd band can be tuned. Figs 2(a) 
and 2(b) show the typical frequency responses for two asymmetric cross-coupled DBPFs. For fabrication, 
high-Tc superconducting (HTS) YBCO films were deposited on double-side-polished 0.5-mm-thick 
LaAlO3 (100) substrates by a radio-frequency sputtering system and were photo-lithographically 
patterned with ion-milling-etching to form the designed structure. The filter was made out of patterned 
double-sided deposited YBCO films integrated with a gold-coated housing. The fabrication and package 
processes were similar to those reported previously. An HP 8714ES vector network analyzer (VNA) with 
a pair of cryogenic cables (which can be operated within +150 and -269oC) was used to measure the 
reflection and transmission coefficients. For measurement, one end of the cryogenic cable was connected 
to the VNA input/output port; the other was connected to the input/output SMA connector of the 
packaged HTS filter. The filter was put into a cryogenic vacuum system to do the measurements. 
Fig. 3. S-parameter simulations of S11 and S21 as a function of frequency and the experimental data measured at 77 K.
.
3.  Results and discussions 
Fig. 3 shows the S-parameter simulations of S11 and S21 as a function of frequency (by Sonnet Software) 
and the experimental data measured at 77 K. The designed filter has the dual-band center frequencies of f1
and f2 at 2.45 and 2.48 GHz‚ respectively, with transmission zeros near the pass-band edges as shown in 
the inset of Fig. 3. Additionally, the simulated maximum pass-band insertion loss is around 0.3 dB for 
both f1 and f2, showing a good filter design realization. For the fabricated filters, the measurement results 
reveal that both f1 and sf  shift to higher frequencies of 2.47 and 2.49 GHz, respectively. The center 
frequency deviation between the EM simulations and experimental results may be due to some resonator-
size tolerances introduced in the fabrication process. Several-Pm deviations from the designed resonator 
dimensions due to wet etching were observed in the HTS filter. This center-frequency difference may also 
be due to the discontinuity at the interfaces between the superconducting microstriplines and SMA 
connecters. Compared with the simulation results, the band-width variation observed in the realized BPF 
should be due to the same reasons previously described. Table I shows for the realized BPF the measured 
180   Li-Min Wang et al. /  Physics Procedia  36 ( 2012 )  177 – 182 
passband center frequencies (f1 and f2), the minimum in-band return loss (RLmin), the maximum insertion 
loss ( ILmax), and the band widths. It is noteworthy that the frequency response of a filter with skew-
symmetric feeds [10] shows an additional pair of transmission zeros, leading to an enhancement of the 
out-of-band rejection as shown in Fig. 3. The simulation results are also summarized in Table 1 for 
comparison. This realized YBCO DBPF using the eight-pole canonical structure shows a low insertion 
loss with dual-band behavior and has a narrow-stopband characteristic. Hereafter we will focus on the 
temperature-dependent microwave properties of the proposed HTS DBPF. 
Table 1.  Summarized the simulation and measured results for the realized DBPF at 77 K. 
Simulation Center frequency Band Width RLmin ILmax
f1 2.45 GHz 20 MHz 13.1 dB 0.3 dB 
f2 2.48 GHz 23 MHz 13.2 dB 0.3 dB 
Measurement Center frequency Band Width RLmin ILmax
f1 2.47 GHz 15 MHz 7.0 dB 1.75 dB 
f2 2.49 GHz 21 MHz 4.2 dB 3.17 dB 
To further clarify the microwave properties of HTS filters, it is essential to understand the temperature 
dependence of the frequency responses. Fig. 4 plots the temperature dependence of the frequencies f1and
f2. It shows that both f1 and f2 shift to lower frequencies and show a rapid drop as the temperature 
approaches Tc. Also shown in Fig. 4 is the calculated central frequency as denoted by the fitting curves. 
The center frequency fc can be calculated by [11] 
fc = C [1+2(Op/h) coth(d/Op)]-0.5 ,                                   (1) 
where C is a fitting parameter, Op is the magnetic penetration depth, d is the thickness of YBCO film, and 
h is the thickness of substrate. Here d = 600 nm and h = 0.5 mm are used. The temperature dependence of 
Op was reported by Rauch et al. [12], which is given by 
Op (T) = O0[1-0.1(T/Tc)-0.9(T/Tc)2]-0.5 ,                               (2) 
where O0 is the magnetic penetration depth at zero temperature. In the simulation using of (1) and (2), our 
best fit for the fundamental frequency f1 is obtained with O0 =296.5 nm, C =  2.47 GHz, and Tc = 88.2 K, 
while the best fit for f2 is obtained with O0 = 252.3 nm, C = 2.50 GHz, and Tc = 87.8 K, as demonstrated 
by the curves shown in Fig, 4. As can be seen, the measured temperature-dependent fc is well described 
by formulas (1) and (2), indicating that the frequency shift in HTS filter is dominated by the temperature 
dependence of the magnetic penetration depth. The C parameter values are inversely proportional to the 
resonant lengths corresponding to f1and f2 [11]. Thus it is reasonable to conclude that a larger value of C
can be derived from a higher frequency f2, which corresponds to a shorter resonant length. In addition, the 
deviation of O0 derived from the temperature-dependent f1and f2 is expected to be eliminated if the data 
can be taken down to extremely low temperatures, as analyzed in [11]. The evaluated O0 agrees with those 
reported for the YBCO films presented in [7]. On the other hand, as seen in Fig. 5, ILmax increases with 
increase in temperature. The insertion loss of the first pass band increases up to 14.9 dB at 87.2 K. Such 
increase can be attributed to the increased surface resistance of YBCO films as the temperature 
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approaches the critical value Tc. Basically, the insertion loss is proportional to the surface resistance Rs. Rs,
derived from the two-fluid model, can be described by the following formula:  
Rs = 2S2VN f 2P02(Op)3 ,                            (3) 
 where VN is the normal-state conductivity of the superconductors. Using formulas (2) and (3), and ILmax
v Rs, we can well describe the temperature dependence of ILmax with a pre-factor of 1.1 dB, as shown in 
Fig. 5. The results of temperature-dependent microwave properties can be well described by the modified 
two-fluid model based formulas, indicating that the frequency shift and increased insertion loss in HTS 
DBPF are dominated by the temperature dependence of the magnetic penetration depth. 
Fig. 4.  Temperature dependence of the center frequencies f1 and f2.
Fig. 5.  Temperature dependences of the maximum insertion loss of the first pass band. 
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5. Conclusions 
A dual-band HTS BPF was proposed and fabricated for communication applications. The cross-
coupled configuration with skew-symmetric feeds makes the rejection slope sharp by producing 
transmission zeros near the two edges of each passband. The simulation results show the dual-band 
feature of the two passbands at 2.45 and2.48 GHz with a roughly the same maximum insertion loss of 0.3 
dB and a bandwidth of 20 and 23 MHz, respectively. The filter was fabricated by putting the double-sided 
deposited YBCO film patterns in a gold-coated housing. The realized HTS DBPF shows two passbands at 
2.47 and 2.49 GHz with maximum insertion losses of 1.75 and 3.17 dB at 77 K, respectively. The 
measured results show good HTS DBPF performance. Moreover, the measured center frequencies of f1
and f2 are well described by the presented formulas, indicating that the frequency shift and increased 
insertion loss in HTS DBPF are due to the temperature dependence of the magnetic penetration depth. 
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